H cl l ^ToTT 








3ll^olch k'ftUflci 

3l<HcH<ich: 3TClte> TP^TT 
o o 



^THT ^tott 







M-M+^3T«rra’ 

o 

? . RRiRf Spr <M£^ 3ttT i<r|^> TR 
3. RX>t-sFR (>HWR) fo>d<HI RRsTT ft? 

3. tfM^R 3frr Rl$sh^c| 
y.RF attr <hi$s*>13ci 

4. etRRT oTRrT 3^1 <HI$5*>1^c| 



?. y^Rr ^r cr^r 3itr 3R^r T*r 



RR ?W<* ?3 RTR 




5=*TC5T 

<\ 



RR 3RTR 3dift<*> 3TT^far rtcr (Isaac Newton, ?£>y?-?i!Ri9) refrf # 

f^Rxrft TT fisldc||$ RR RT. URT ^R RR }TRR Fttsfr £ RRRT ^T RT, 

3r^t 3T^r rrt^ # rt?t feM #r r£ str f^r f^RRt rrt^ st^rt 

ffr RTR. fcR 3?Rt RR7 r£ tStel-RT &2f ^STRTT fi^RRT 31RR # RTfra - 
f^RXR RtR^ # 3TT R#T. RRdR $ RRTRT # ^R feRR R^t ?M #T IJR7 3Rtf 
(fatFR) £ RoK<>} f^TT. 3R^ ^RsTT # RRTRT # f^Rut fatFR £ JloK^I 
RRR RtfT Rf (ttiWd fit) Riff. 3R^T ^RsTT - fayR £ tecfr ?f RRRR 

# ftRufj # fern, f^n?R fr rr^t £ r^t f^Ruft x£r ^rtt tt btrr §fr. 

3RTT #R # fatFR R fftHT dt RRRR x£T f^R^t £[RTT RT RRT t|RR>dK 
rIcHI <s|cH i <^dl . rJ^> <sf|R # f^oR" RT, y=hRf ^T t^Rxxt ^>cH R^ 3ttr y<t> 
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^tT oio-dH ^3TT. k Jc h RR cHIcH TR ^TT. 

o O 

^r-^r m ? r h ^ k j °h RR ^ ^^di rr 

ftrar eft aRtt, ttar, fa, star, arti IW ta 
fasTT. 

crafit artt aw ta tr ta f -- araar afia 
aaaat tr aa at aar 3s=t «s a^Fct ft, afaa - aa aarrt ft. aa=a at ta s=asa st 3tarc <r tfr 
, 33"^ ^3rr a^t oil a^ai. at at aarra tr 3 tsr ®t, ftatt sta ci^ci at a^t. ci<h 3int fra 
at afla aana tr 3fR-aR <t ar aant ft — atar af at^ §ra ft! aasa st aana tr fa aftct 
at at ataear arfr faraarr ctfta at ar?t ftar t -- aa! 




wrer at t - ia arfT at 3rrt? s=asa aa ataar ar ftr aaa?r # ftw at fat atrf ft^af ttt 
t, ciiadci at ar# tat arr fat’W #. ara aaa?r # ftw ft?a tr jioKcTi # at 3aat afharar 
fttitaa ta araa-araa aaar at af antt #. raa ta aatt arar arfar #, attr fast aaat aaTfr. 
3raa ta fa start tr tta. fa arraa #taR ar rrar afta a®t tr aara rrar ^afta ngi f^arrtt tar 

t 

aaT aaara taT ft %? af taast frtt s=zRa st rar # ttw at aar ftr?a tt ararat ftar. 

o ^ o 

H$r) R|o-«h ^ RlchcHI ^chl?r tor rich 3Ro^ 3^" k Jc b 3fR" Rvxd firRT^T Rlchl^Tl 

HHd$ H$rl cj 1 c*l ^-T 3F?T 

Us)\ . ychl?r f^R u l R|vt«H 

RlchcHrl ; FT3 = RT k Jc h <H^1 , H<o"d 

RfoRT RlchcHrl ^ 

3F?r cTT^F <H$ ^141 . H$r) Ro-<h 

Rchdrl ^r?r # f^rw 3TrRT- 

3i cH d I < d fl ^ slC d|41. H<o"d 

Rchd^i ftR u^r ^ ^fr. to" ftorf ^ ^ tor ^ ^ 

d ll cH oTaR 3TRTT. ra^Cd ^^1 cR^ Rlc^^T ^R f^RTT ^ d I Rl cH ^R RT 

^ to 

qR=cT TOr ^ 3 ToRT- 3TRR TR ^ff f ? 3tk t Rr?R ^ Rrato RR^r f^flw RRT3# 

o 

^ft af^ f? ?a a?att #r 3 rr #t frta af aarfrarr aafr |t # arri^r aarr?r # ftrat aatt 

ftra ^tta # f . wea #r aara ttRfr at fa^rr ?na a ar. ftR 3fr aaTaant stt: afctr, aarr?r 

# ttatt aar aTfa # tr afrt fa rjrt-rjrt aat Tt aaft £ , ar ftR cjafr af ftr t rM'- 

rjttt aftt #r aRr ft. 
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5>t <HlcH<H 217 #7 sicjcfi #t d l1pfl, 573T ^ 573T 2j]£| cJTf cl =7) 3ft, 3^1 4t Pll$d ft dPlcfl (?. 
3# 55 8ft 3TR^3T 277 #7 355T757 557 ft 7753t # 77<7 ft 37# 5#t {?. 3*5# 55 aft £75T ^ #7 
3T5 - 3T737 3777T5' ft 57575 #577 37T35 ^ eft <5# # 73# #57 3735 37# 5#t f . 

cH£><1 % s# ft k ,c h slid £5T3t £# ^t (, -- 4 d# ft 3772ft •fccbldd % #>dl<1 4 <HS 573 3ll d l 57? 
37T3ft £. 

Hl<jfl # cHf><1 5>t eft 3llHof <> chisel % hk 3ll d l si^dl 4357 ^t f>l d ll. 37# 371^7 5# 47 c£37ft #T 
5t 3(4 5T37-£f[37 3ft dd d5# ft — dlofl #7 ?-cfp| ^t 73# §ft dfldl 53 3J5 d't’cfl |t. H<«-c1 sicjcfi 

# dlfpldi 37# 557727 <# #7# 57# 53 3# 3T5 37577ft. 3753 57# 57# % ^Tft 37t3 73f 7 fft eft 

# #0# 57^t £5T. 557727 <# #7# 357T55 #7 #^dll 57t 5T3 5737ft 5# 3fTSft #7 ft 37# 557ft 
^Tofr dlijjfl. 

537 53T5 7ft, 5=27^7 ft #£77 #7 557T2t # #77# f#t 5737t 55 373#-373# 57UTt ft 5# f , 7353t ft 
57#. 

o-dtd # -did # d®l cf dlPld) d# 37 0”. k ,c h Sd cf •7ll# c h #72dd 

C\ 

Si$ d loi (Christian Huygens, ?£,2V?£i£; c 7) 577 575377 277 557727 # #7# 
p753t ft s#t 337577 <t>5dl 277 #7 olcTl <3#, 5|t # dPldl 3f , ddd ft 
3T72ft -tchldd ft 37#57 #25737 ft 335 574#. 537## 3753 557727 # 

#77# 5577 #£t 735# ft 5# 5t eft 37# ft 'Mildd 5# 53 2TT55 ft 

O 

375 5#. 

o * 

37#57773 4?TT#57t 4 3=27^7 577 37727 #57. 5##7 37375 #T 3775 55 f^t 
#77 3fT 357 277 #7 35537 557 55c7 557 3dlPl5> 33# dldd 577 

^ O 

37ff577 §7 pTT 57737 ## # 557377 |t? 

#73 #, 57# 5# 3t 557 t57#57 aft 57737 5t 375735 |t! 

537 3737# 57T 3T775TT57 ##27 t5T#57 5T3T37 55 (Thomas Young, ?l9l3?-?d2^) ft. 33t 5537 
#55t 55 5T37 25. 57777#7 55 557 #t#733757 25, 33# #£#55 #25-5# #7 f#t #fi#5 #55t 
5T #5 ## ?t. 55 5575 c5#37 25 f#3# 57#37 ddl4l RUslidd 55 372f 37375# 55 55T37 
#757 25. 5373ft 3TTft 3577f^T27t #T 5T5375, 77t5 33t 557727 373#ftjf7 55t# #T f#t ft 375Tt 

35T57 3TT3T3t f. 




#?55 
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to" # <Hp<1 SfcZFtt ^ ^<*>1 2JT. 3^=T <HlcH<H §TT ora" ^t 5ft cto k=b 

cj^ll ^ 3"f STTcfr f? , eft ^59fr-^59fr k ,c b cj+A cfrl °hic (?. ■3C\lp'( u l 

% cftr ^ cHlQ^l f%T Ufa # k=b cHp< ^ft 3TCJT cTT Tf?t fft 3ttr 
cJ^At cH6< to <s|lp< c* 3TT to fft. oT^" sffoTT cHpl k=b cj*A Tt f^tcfto eft f>^T 
f^i^ft 3lt f^RTT ft t^CH oT Hl^dfl 3ftT p<A c k) P 3l|c1M ^TT^ <r|^| . 3ldK 

Ufo # cHpA to cH<t-6H$^i 3TOT3T (ft eft cnrf-41 cH6< t5<)£l to 3tot HU>IS 
tot 3^T tot ^TT§T-^TT?T ^TcWT. 3TgT $ ^TT?T-^TT§T toto ^ ?to <HI«HI°-<U ^ 

to g^TTf to TT to 3 TgT ^ 1^7 cjto % fTT^T to toWt ?ft to tof 
3TRT5T gSTTf to tot. f^T ?R^ to to ?Ttf?t ^T RteT-ftoT ^ToT?TT T^TT. 
ftcH-ftd to 2 jih (41c>h beats) chpd ff. ^rnr c t^i«ri1 to 3rf^r 3ft ch <* i 
■Pl'ticf) (?. 3RTC c h u l) to ?TRT ^T ft pi cl I cfr 0 , ai 3T3f? 5T ^TT. k ,c h c h u l cj^tA to 5Tf¥t 

?F\Z ^RkTT. 




srfjRT ^RT 



tefc-sq- ZTT oT^T tof cff^rtf 




?<:°? ft to ft ^r?r % tor to st ?rtot fftlto ?r, to ^ tow#, 3to. ffritof 
£ fton to to tof to to to tor firm ^ m; wr m; m to 

g?r to ^ to ^ to ^r?r % st to qr totft to tot, 3tor 

cicHoii 3^ 3T^r ^t tor k^> c^dl ^ 3T ito - ^W". 
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iiiiii 



qT O-dl oT^t ^3TT. vJlpl ychRf % <5t-41<H (J|cik qT k ,c h qq u>i^) 4F 1 k ,c h % sue k ,c h ychRf 

3fk arsft <£r qft^rr ^oT Trtit. qqq?r % ^ 

'-K k ,c h c^A qq ^TT^r ^ 0" 3ftr c^k! h< 

k ,c h c£?tA q^T =hic 0". 0-dl sn^l-sH'Tl ^ Ff §1T - 
- R<nq>cH •d< J Hc1 # Snq' cKF- 

^r qqq?r # ^ qqr-^qA qrt qrc t $\ Fftfr f 
?Tt F*T 3^r (F^TCtq) ^Fcf ?• ^T?T 3^T 

3 rsft # yif^rt <£[ F<uWd (f^tt^t # 
FTTFR) q^ ^T^TT. 




m ?rtctt g^Tfr trtt. ftf^t m attr s^rpr 3 Tot?t. qqq?r # ftftt £ ^t 

f . F^cT^T ^T fTT?R# ^EftfTt £ ^TRRr 2RT, cfFT # cHJ-<Ml4 (^cTcfctr) qq §fT x TcTT cRTT ?Tqq. 

qqq?f cHF-0 4>t <^cjo1d ST oT3T§T3T ?/q°ooo ^ET 

Plchc^l. f^t ■HHcHsi f 3 tt qqq?r # qqr F^r 

CH J-41 Ri'iui # tjoooo E3Ft FWT- 



3ii<si'l • <>ii^ 4icl vi«hi^r ^d-c^d^r 



cTTcT 



t ftoTT 

w AAAAAA 

*. uwww 

^ AAAAAAAA 
... AAAAAAAAAA 



qqq?r # ?r faviufi # cHJ-sii^ (^crohrai) irt qqRT 
?T^t FtefT. ^TpT #T qqq?f 4>T cHF^I #T cfa^fT2T 
?raqr ft*# atti t3i3fr iw #r qqq?r # ?raqr tsr£r. 
^c^tr H5ld»n FRtr, WT 3H»fr fr o^IRT 
(ftiW fWt)- f^t cRF qqq?r % ^ff 
qrr 3 Tprt ^f^tt f. 



cl u< i- 5 h<H ('h^ c t"C<H) k lc h 3TtT cH I cH toRT^t 

?/?rooo ^et |r. ^rrt btft qr, faisfr t * r ^ ^4*1 ?/w«oo ^et f. ar^r ^ff # 
f^ % #*r |r 3frr 3^ onefr t f*t A orra - , ?tr#, 

FTT, sftoir, dJ-d^l, trpfr. 
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pi srfrt 3 fk sRff fcuif ££ f? 



affer # ^TcTF # ffTFctt g>t ^tt ^rct f . 




tfeTT # rR|T % 441144 ft£ f. f^fl^T 
wr, sre^Rr % f^fiR^r ^rqf % # 

^<U|1 cf»r (3J®3TPsf cfR?t) f . 3RT 
tferr rt sprrf % vpt £ eft tferr 

% ^ RFTFRT cjFRT £ , 3ffT ?Rt >HWIo-<U 

^RiRr — -H^bc; 3 FT R<acii £. ofg y<*>RT 
# ^ ^cR^-ar, # cToRTT at 

3Tft}g7 3TT^T at '^<r|| eRT H^cl £ eft 

o ^ 

RFTRRT cJRt RFTRRTt # cToRTT at 3rftRP cRRT 
ch'io^ PRTct £ 3 £t f i^*-b <^£1 '(<*1 f^sTf£ 



^ £. 



wm ton §ft *mg £ ^cfrt ^r tcr<to*r f^Rft §ft thrrt gfr nsnftor ^ *Ft 3 ftr pi t 
foaif £t sr $? 



toff pRTT 3TRRF ^T ?r£f ft. *HJlft> RtoF3H at 3^?JF *flft fcSTf toft £ -- 

^t£ 3t x?^r tor £t ^TT ^FRT. 



pRTeTT 2TT f^T <HI<HcHI klsiC ^RTT 2JT. ^TH eft £ f^F 3RT ?d°° tt H$p) t^RfT at ^T #T git 
at ^fRTT ft 5T 2JT. 3RTT 3TFT # 3M £ Rt SRFRf gft ft 3ft 3TFRFt fasllf ^eTT £. oft 

fitsif st $ g? ngaRr 3 rtt? 

ft>T vjuWftttor^UlRlcb icIlci'MJH (William Herschel, ?l93£-?£ : ? : ?) % 

SPtofttfj^ +«*31oj«ll Rdsllf ^l.g^^ c b^l<HI- ? TT^T^ d l'l<H?TTTfr2IT.3TRr 

?&<:? o&wm «rr. 3 i^ 3 *iifa 4 » 1 g»t«i$d >Hitf^Rit^'^r 

^ c o 

elcTl I? • 3^T ^?TcT, ^ <>1^1 cl o^l eRTT. 




$d-i xft^r ^d i ^r?r, IvjI^ ^<h , d c bcl ^"- 3ftr din, ^<h ^tT ^m^cI ^". ^r^r vd idcl ^ 

TT^^#^31^ft^!!tHT,S^§fr!fr3TRTT|r. eRtRSTRg^gR'Ten'STT- cKII (HIM M «+> Rf % ^TT2T-^TT2f 
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f£sl<£) 




Krloi 

3TTcTT f?? W cRTT^T TJ^T f[ aff^T f? - 2wWf3T-^< : ^' 3>T ^3" f^TT oTT^T 3^T 3TRT % 

«KJI dN<HI<H ^cfT*?. 

diM^w^^ran 

dN<HI<H3ToRT-3)HJ| <HMI #^TT? 3^*uMd<- 

sTo^T^ s|d|afl W, 3^ x: n^Tf^dN<HW FT T3T 3^ HVd 

^frgFpTTpr^T% W31ldl JKII dN-HId o-i||c\l $ldl d^l. pTTcT^tfdN-HId *H 
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S$fer*il$i m.^^ mfcdiq-Hw d£i 

prr. ftpPido} #En %3PqT^^4W q^^+d-H % PTTPT mi ^T *fl5T 3TT^, olfT *Plf qmRf 5pff & TmcTt 

«KJI 6l d N? 3^T 3TT?TT Sfr^T HIMJHI oH RcHJcH d£i didl. 

^f^PT Jldd dlf^d |T3TT. g?T dN«HI<H HIcH £ 8ft m. Odl eHII ^ d4 Rdl H«hl?r#> 

O ^ 

x: r^ E n‘ ffri ^Tor ^ ?iw<id4^^R#r^M§WTT^-- simmer aikcnq - #. rnm^^pp^ 

o ^ 

d^<H §fr <kl £ld f - ^Rr ^T oft pd RlWl'4 £dl ^3fPCcTR^3fr^fc-lsll£ d£i ^cTT. ^TcOdl^+d-H 

uch c^h^ qr ^r aft f aftr fa«H k 1 *rc 3 tppt-3tppt §fr. 

SPm^dTPT, d5p ?d°? olddl %d- 7 lli<dcb oll£<ri iclo^p-'H ftdT (Johann Wilhelm Ritter, ?l9l9£-?d?°) odum 
5pm y^d fodi. 

oPi^f. *jfa> m<JI ^r^cbui chic) *HimH mr jarymrerq^qr+Mi fty^i fr. 

ft3T5Tchuid 5frqft^rrqrUdiii<H ^irnmattr^^+d^ f^ddi d^d % mortar 

iUdl q£i cHcJi <h^ 1 ^It.fmfrmr^rafPr't'!^ qflm «bi«yi ^tcfr tJc^i Ji4i.fmfrt5r#<d1 q£i prrmmw 
qmrer # qfr £ aft qpff 3mm qmfr q^ mtfr. 

fter 5T fr?Ter % % mt # d^p m, 3^ prfr st qqmsp #r tjm q^r fmfr t^\ #r q^ aft 

£r. qfr tmfr td m^r ^r aft arftjm drrfr £ qmfr qf mtfr. 

chill Odl dJ-m|('#^<ldHPl+(^chd)f^t3fr3feTm|('?PTt'c(-i|| cfldPReT^T^ul Qchdcflf 

qmmr aiM^ftdii^ £di f, <^ h( 1 Hd*) dNdi ddiiii mdmmfr, sordid?! Hdd 

'mimH <\cjki Mdi ddiiii mdmml? 

mdd 4 ji y4|jfi tf^f^q^f^mfcymrer^rfaviul dgd id±) q^d d«i 

sr^pp 3^-^rpTer PTmrr m\ 

O o c\ 

3 d#r ^ it mm mm?r # mpr ^r fcmff ^r 3fr #r pr?t f % 

Tmrnpf^ qr mtf spht eterr - ml^r gt aiM ^r ^ ^ft. 3tfr pp^ ^rmr?r ^ fmfr t^\ #r f^mt 

tt afr P5f£r ^r pr?t f fiWrtftm % ^mmpf 3 pht ^ ^tm - ml^r gt aiM ^r 

jRfr&fr. 

^dchl <Hdd«l %meTTT I<J|41 mi cTm #T f [ ^ dcprl f. qm dt eTTeT' 

aik fmfr mr % qt ?rm %eim ^ mg ^fimtr ^ l^snf srff ^cft. 
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chtfdldl f?. pfBBB o)f<id #3r^T 

^tcTT f?, sfNf 3B f^RTT. 3RTT 3TTR Ffa=cRT ^BT ^T ttf # cTW oT^f f^fT 

3^R 3^T RTR ttf cfT fW-^ RTR TB % ttf ffaTT. 

<dWd«H 3^^f|R^3T^-e||^<l fateful chgdldl {?. 3To^r3Bctf^T 

3T^ ^TcTT £ 3?BT BT Bt 

3RTTepTfB>T-^ «$<l ^t^sTST^t ^i«t>cl cfr%^^>F^i«t>cl t? ^ , 'HitiK«i BB^rer^t^t 
cRf ^ -- Rrt> ttrw <Hi«H <11 % mdiCT ^ ;fto I? ? 

?d3° tf*i.Hfm$d ^^r^T^rdiM<HiH stn^#» jui. 4wTm$H tfsfr 

lo-H ?TTR3tf #B^3# 3PR U=b Rl} ^Ft J|J^ ft. ill dl>M Rt 

ftat. 5^^a1t1^^^3TRn3fr^l'5TNr3n'?ra»cTr^. d<£ 

rtb^tw srtt «fi?r w aft *f#t ffr at prft brt omm ^tt ?tbbtt t - 

$c<Hl % <3 -7111®}^ <^4ls1Pl3Tr (Macedonio Melloni, ?l9^d-?d4y)^^<HTHl$cH 3^ 

^nr^iii H?id^ g^fjpr-^5^ft><ui bbstorrtbr^. xjfa. $b>i4b ^rrarcur 

sFTT^ fJFr-fe 3TRTT^t £ 3]aR- ^B#T. 



^T?^o#^r^erf^r 
^ttukui ychi^r^tFRF^t 

f . pB-fe y^ra^d 

(^4-^d-d) attTSTB^JTRt^r 
3TC?TBBfr(ftSW) f. 3RTT 
PT pB-fe BBB3T #r 2ft 
f^RWf ^Ft # eft 3^T#r 



4dfrp" p<Wd f£b°-oi 
(PRStB^TpRI) §fr^3- 



^ ZRTRT pT RTF pT |3TT. 




^«h!hi$(h *br 
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3TTfisTT 931 ft? «f<ii §h>i-^ 3 3fft 3 ic'CI-cii<i^c % 8ft ft? 



^d^l vjIciisi fciiji ^i<ri %3^iiP|ch v^j-d H-cH^ (James Clerk Maxwell, ?£3?-?ds^) ft. riddel 

ft ft^RT^oT # 3^T ^J-s|chrc| ft ftT ftt 3ft ^Rf % ST&JZtt ?T^T ft 3TTf . 

fttticT aftr ^jj-sichrcj R -Hmfti ftrar fftgrfftftt ftr ftr m. w?t 3^ftftrftr ?rftr 

o o <\ o 

ft (ft 3 •?1lPl c h Hell (H d ll x nft Iftr Ki^'Hrl ftf i^>d ychK cTTft CHKl k ,c h ft cjdfft o1 d lf> 
Hcjl^d f^TT 3TT ^cTT ft 3TT??RF iftftftfcr <£f NW+ ’ftft f^oiftl % 5fft ft %ft <7?TT 

oT^TT'). 

?<:?oft^erHdl cHJ|lf^3JJKdKftffttiJd yelled ^^Trq’ft’gfT^J-sIch # 
d<6 =hl<H ch<dl ft aftTeftafft, 3RTC Uch ^J-s|ch eft^TTC^RfeTft pchldl 
3TT^ftt?TRfttfttiJd ycllfl fto} cHdftl ft 

elldTf^ftt-^d'aftTdJ-sIchrcl 3icHI ft -^TSra'ftHTdJI^ cHII §JTfft 

dJ-«io-tr#rm'^Rwft 

3??ft <RT£RT Vdlci d=h d-H'HMI *TTcH<H fft>i|| 3ftr ?<^3 ft dK 'H'W RiJ<H 
tft^Tft. ft^TTTPl’M.H dftl=h<U| % STW ft oTTft 3TTft ft 3lft ft f^TeT 

alft^j-sichrci #rdi^ >HJ-sio-ytftr>H<H^i^ ft^rwfnr. 

o O 

3JJK «^<Hi3d %dftl<MU| dft £ ftrf^t2TH#rte<HI dJ-dchrd aftlxjj-slchrcl #T SFT ft^TT 

cUddd ftftft^Tld fftd 3R Uch tJ| d dHlftl f fftftf^^ftr-xJJ-s|chrcl (<^+dl<fl J°}fecnH, 
electromagnetism) ^ftft 

<»Wd<3cH ft^RlftlT^Tfftt^rHft ^J-slHied ^ftt^ft SlftfcR^IJ-slcbrcl ft ftT f^R ^<Hs|cti r c| 

o o o o o 

<*A d ll S^ttT^'cRF^^ft^'-^ftpn' ^cHdl ^TT 3ttrf^'H ) cfl'M--H<f-sl=tircl #T 3TtT ^ f^RTTSTt ft ^<Hdl 
oTRRTT. ^ftfft^rT-'HJ-'sl'fl'M [cli^d'-'l (^ft^ft-ftJTftft^T '^IslkRToT, electro-magnetic radiation) ^T^RIT. 

3Rft dftl<*K u il ft *)ct>dclcH ^fF^TcTT cW^TR'f^f^^-^<Hs|<£)i| [c) fad'd fa>dftl ftftft 3TTft sfadl. ^ 

jrfftsn^'ftra'ftr- ?^3ooftreryf^ >£)fa^;j. ftftfTT^wftfa^g^r^^^sRrarftrftn ^ 
^Rwft<fl+d3d ftfttw^^^?rftt^d'-Tjj-s| C f)ij fafadui ftrft. 

MVd y«hl?T#eT?ft#r3TeRr-3)HJ| ^ d J «T «+-^‘ ft? 

o 

vdd faoiftl ^T^Enft diftl 41vd 3TTftft)& fadcfl ft (oscillate, 3ilffto)d, *fad ftcfl ft ftt37Tftftf^t2TcT- 

dJ-sitPi'M ciftt4^rrftftrft 3ra'3fr^'3TTft-ftrft^cHcfl fttj^Tc^r^rftftrft zrwftrfarft^friT^ftfa^ft 




ft5rft. | io 



E>° m 3TT4-<tT& ffcfl -Hddd pTTfc k'«h ?«ooo 41 H ^bJN3ttr 

37T*U° f^T3Wc^t?Wr. ?/^oooo ^ETc^t^. ^F3rral'4'^'!si4 cii4 sre>rer#fa»iufi # 

3cTcfctr$\ 

4+<H^cH %*OTZT'Tr$'H=H did smfcWTM £4t^RTTfr. 3^4 JHIcHJH £fci-K«H|U| 4 
Rd41 3ftTcfr*Md c^ciKi ycH?r^JR4f. 3f?PT-3ldJ| d<6 #>m<H|U] 3iH J| J|14 £ 

cbftd $14 f affraicH ji <^ci4jar^r^Rr^<ii *<4 f. 

4+<h^h 4’t-^^di'tii >h41^ui! # 4)0. <n£i f^cf^-foRd^l 4di4 414 dd tr^F^r 

;tf44*Ff4?T?t.4$d41 (lojl4'4t^r?T?l'^cfrf^j<Hcpl <3d4j^3fF^-did4d44t^^.2TTfor 
f?i4t?Jit^r^?T?t^RKfrf t^idcpi 



3. ^fr-^7 3fk 

3dil4<*> 143r ^r 4 fr 4 h^ d|t 44 ^tt £ ^ht eten Frrf|r4. ^rfu^T at f44 

^cTTHT £ fer 3^ -Idlddl W?K ft 37T% sTTdf 3Rt 4 FTT^t ^ dd<Hd ^t3T. 

4+^3d % >h41ch<ui1 4 ^ ^rrm 44 f4s^-xi?*n£ra fail'd qr4 ^rr ?ff 4 £ 14w£r 
^cfctr p>f-^ atti 3fFdr-ciiii4d % *4 4 3f«r ^4 ^ ^rr 3 ^ft dddd 4 w hjimi. 

ol441 ^T ^l^dUdi Wlc*^ ^4^ (Heinrich Rudolf Hertz, ?d4l9-?d^y) H$dl 3-zllPlcti Sjrfal'Hol $d<*>l ’TcTT 

dJIl'MI. ? ddd 4 4^1^0141 SFT 'H^xl ddldl orr^oll^^nw 

(oscillate, 311 14 4d) 3RHr£. 3 >h 4 4^4 d14 144 314 

3^Uchc^H^#rpMTL||>H <Mfa4^5T*n43l4*fl5r*Tr<flM «MR4ft>T 
fadofl k<* ji 14 4*if. d«i j<h 4 feirgstcStcfl'g^^ dl4 4*if. flu dd 

fiRir^z^tcfr 14d41 4t44?Tf attrpr d<£ j il oil #» 41*1 di4 

4t 414J||4 d<Hcf>41-d£l41 ^4- 

S^oT 4 4 teit 4t aw 4 «wi3h ?r4 1? 4 14d41 4 4^ sgrcr 

f^L-^H-xJJ-s|cp|il ra^ui tfcf 4^ ^T#. pf f^TW # 3^4^ 

pfr-fe ftviuit 4- 44t *n1£4. *r $4 14rar 14r difdci 4 ^ht ft fr. 
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x^TT cqTTT^- f M ^£r ?f RRT RTT RR 75RRT RRTRT f^TfT% RT 
TStRT RT M RT. 3TTRR R)R<HI RT, f^RT RTF 3^tR RcHcTl # R7fe TT fateful tfcr jfcrT 3T7TT 
f^RR RtRR {? Rt 3T7 *5Rc^ ?7 RcHc^I # R^R ^RT RR^fr RT%#. 

T7TTT f?7 ^3TT! $£n?i «7 W'O'cl % ^T ^ f^TRTTt ^TsfT. ^4 V ? 1 ^RcT R>7 r»h} 3^ RRT RRF ^ cjrrTt RRF 
c* RRT. RT^ t^c-cH I RFT % RTTT RT cJT, T3TT7 % ^T *7 f^Rirfl RRT 3TT^. RfR % sffR 3^ 
f^RTTfr RRT r£ 7 3TTf. fR RTF RF R^F RRT R^cTR Tt ^FT (RT f^f^RR # ^RcfrR ?R 

2fr - rrrr # 3rc^r tt rrM rrt rrtft. 

f^^-RJRcfrR tefaRUi (fc^r-^Rrf^RT }7^R?1R) # fR RRsft ^RcfrRt RTcfr RFTT RT7 ^?T 

# R|rt rrt. rtf *7 f?# - ^r74r rr rtr f^RT rrt. 

fjpr-te 3# # 3 rc^r 3rr-3rr RFcfr rfTt £, t tftR74R rr rfTt £. fjpr-% attr tftRt-^R # 

R>lf W ftSTTRR R^t £. gf^JT % f^RT cldlfaeb ?/W fR RT7 f^lTTRR *RT RTR?7 f. ?/R t 5 fR 
£ RRT ^RcfrR RTcfr R|R7 RT7 fJPT-fe RfR R^FcT f (FRT7 RRT ^ToRR fft?7 RT ^ RTRTTW RRRR 



arrat^r^-uji^^rcjicHi y+iR 






7HrT-^r 


RTf^R 




3TcRT-RTR^R ,| ( rf-7 ^-7 




AWVWWlii 


< oIT^t 




^d^fjsr (jffRT #) t3fr€t 


> 



i — n — r — i — rn — i — i — i — rn — r — n — r 




io 2 l 1 i lo 1 io 2 io 3 ict 4 io 5 io 6 io 7 io 8 io 9 io 10 io 11 10 12 io 13 

# R^t RR 3TR77 f). ?/?<$ fR ^T 3T7tjRT ^R^TR # R^t ^tRT-^R R^RRfr f. ^Rt-^R # 
(^OeidR ^R, 3RJ RR7, RT ftR zfTR 377 ^7 RRxfT ^Rf-cfR ^77 3TTR RT^ - R7 <H<Hsjl-R^T 
(R7R-^R), iM-R?T (?TTt-^R), RT 3TFRR {M-R?T (^fT-?TTt-^R) # Rfe RRk 7 f. 3TFRR iM'- 
R^T RT<7t ^7%Rt-^R rTT RT^t^R R^T RTHT ^ - ?fTRT # <HI$sbl RR 3T?7 |T 'R|R-tJtRT. 

rt^rtT^r # ^RcTrr ?/R t a fR ^T cTrr e, ?/« ^r rrt e77 rrrTt f. 
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3Tgt ^ditol d>r % dft *r ddr ddr, t dtor d?t ddr fd dfdt dd ddtd ^t- 

m (ttondr) town frd dddt {¥? ddTd - drat at tor £cfl<um> z&ki tod tor?r arto 

2t. Tol^) k ,c h ol^lp ^ c^d^l 'Jl d lp 'i£l<* _ s|l <-K cIk! d*) cH^IMI 3lU dd^T °Pl del? H ■( <^>ts|cH °hl 

RO-WI d3dT 

3TdT }l^dl-to c^ciki tod §^oTT 3TT d% dt fTat <H^*»'l dTTt 3ttT <^>RcH dT 4dT ■isl^ d dH«1l H^ll. 

?<^° at pi % 3dlto d|3to tdcfr (Edouard Branly, ?m-? < ^°) ^ fffer £ §fr artor 
?|R-c1?TTc?T to ddT cH<J I lo-l dd to to PlchlcHI. 3d% to ? t 5° d3T to cj<tt dT }fedl-to dd ddT 
dd ddd. ftod % 3dlto ailf^cK toto tod (Oliver Joseph Lodge, ?<^?-?<W°) at tdto % 
to to gtrRT ark ^ toto-to to arto-tor to dr ddr ddr ddd. dfr toto-to to sr:- 
ato-id % dd at tor ddd 3^r dkt dto £ tod UdlRd dd ddd. 

dtot arttor ddxHdl toto ftot % ^dlftcb j|j|c^ld«Hl a-HdM (Guglielmo Marconi, ?<Tl9«- 

?^3l9) to. 3dk tod Plchldl k J u<^dl % 

dtod tt dfr tod-RTJ|<Hd d^RT c^cWSk 
3flT dT dddd dd ?^£> ddT dltoofl dt 
tod ^Jd^^ RlJIdd dd ddT ddT dTdT. 
d^ djT $<H^ to CjT to toddd dd ddT ddT 
ddTdT |? 3TT^T todt-to ddT toto tor TT 
ddto f dTdd dtto dd ?dW # 3TtT 
d3dT STd - : dt jftd dddT #T 
d^t dRfdt % dTT 3TRt ffd 3TdftST # d^ 

O O 

3TTdT ^1%#. 

dNdc|?r, CH<M<H<JSCH d^d" 3^dT f^-dd ^ cTTtT dddt ddT ddF ^tctT f?. WoT dddt d^t 3ll<M<r| 
d^ f . atk fd ddF d^r aildddu^d (3TFTdtd#dT, ionosphere), aildddu^d dtr 

dTdd (Ud-c^d-d dd") ^TdT |r. ^d ddF df^t 3tk 3lldHdUdcH #T #d ddd[Td^r TpiW 

#T dtd fcdTt f^ddd ddicft f . 

dd # dTd^fr % sttor-dfttrtt dM dr ddr. d^t 3d^r d®dTt tt d^dd anddTd tt 
todd 3t^. 3d ftoddt dd 3T3ditor dTdT #T ^dft ddfT o-d^hli^^ # ddT ddT. 
^d cRF dTd^fr, fsfdT tofr #^d %, ddddR to^ ftodd ddTd dt?r dd todd 3 # 
dM F3TT. ?d dddd dTd^fr d^t tfldt ttoTT^T (dtod dd ^tldT) dd 3TTtoddddT dTdT dTdT 

t 
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rrj RTR RTF tPfeRR-3TR?|cp tRlPRT }oj)diVs 3TT# (Reginald Aubrey Fessenden, 

?<^e,-?<w) tftRt-^R' rtT tap- # RFtf tT detent rt rw F3TT. fr rtf rrt pft rr tapf # 
oT^fr rtT ^4? rt rfrt on rrr aftr ^Rt Pft rt tftRt-^R rtT fPr tt taPt # rf^ *r. 

FR rtf VnNt £ arraT3r aftr trIPt ttrt rt rrr. fiUidT ?«, ?^°s, Rrt rtt ^PrT rt 

R^flR -Hail RRT. P>T 3pRT r^k) % RTF 3TTtjp|ch 3Ttr <?fc[t RR aia-<n F3TT- 

rfr Tsr£r 3 rtPr aTcfr ^PrT4r Pfr^ rtfsfPr rtfcT t *tr ?<*3° rrt Rrtf ^rt frrPt rfh^r 

R?T pTT. far R?R 3FT - PPTRR % Rp^ ^-FTTR RfT 3Prt RR RRT IRTT RRTRT aTTR? 

RF RTtf Rf RTR Pt FR PpTTR RR RRtR RRd3Tf % RTR % Pf# RTTp f . fTR ^ pRR 
RRR3TT TT yPPPd R^R?r % 3f?RRR TT RRT RRT RRpT f Pt 3RRR 3TTRRT, TR, 3Tp c£p 

PtrP 

FP RR?T % 3TFT # "TflaT P<sil| Rf?T deft r-r!P> R^R?f RFR RF^ Rpt P RfSt RTT RTRT. fichTP>, 
fcRlP cp RF^ RTafT P RTT TTRTcfT {?. RT^ fR^T ^RcPR frFfT STpfRT Ftcfr f? Pi P RTafT P R^f 
T5PT RTR3TT £ FRTTTRTT RTRTT Rp 3TFft RpRT Rf aTTcfT f. 

RTRoftPr# 3TTR RFR tPP dRpRT # SRpT # RFTt Rif RRpT Rp - SRpT # R^t Pl^ 3TTR 

O 

RR R R#T. ^fT R^Rt 3TRCT-d1Pl+ (3ftR faRTRiT 3T^ ^ ?R^T £ Rt) ^rT t ■ 

?^?l9 ^ 3RR ^tTT^RT qTR ^R^R (Paul Langevin, ?<09R-?^«£ 1 ) IRF ^RT RflRH - ^ RRT 
foRT^" R^" RR?T ^ 3lc>'^l-’d1Pl c h R^t RRR S^oT" RR 3R% yfrli^3-sl RR Hdl RRT R^T. 

#T 3RRRR ^T R^T 3R RRR RR 3TTRRT S^T MU<H|U| RR RRT RRT RRR fi^RRT 3RRTRR 
STR^T-Rtt^RT R^ chIc RR RTRR 3TPfT RRR R>T oTTRR RRR 3ll<rl R3TR ^ RRR c^Tl 
RRRT # oR RRRfT t- ?R t^lR3R RTT RlRR (SONAR) RR^rT f Rt R^PRT ^ RT35 R? 

^ Paid i (SONAR -- Sound Navigation and Ranging) RR. ofjR ^PoTR (Ranging) RR 3T2^ ^ 
^fT RRTRT. 

RRR P?R-RST # ^R^R $ # RR|PRRt RR RRT RRp #T pT# RpTR RT RRR pRTT. 

RR oTR RRT RtRR Pfr RTF RRR RTpT RpR ^ fRT RRR RT 3pT ^RFR fit RRT. 

RF #T RTR RtRR RR TTRtR RRR % ^ RR 3T?RRR RR^ % Pt# PTRT RRT. 
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?^3° *t ^TTT RR w STT R^Wt £ PH R^T ^tRT. qq ?R RTC T3RTT ?Rlf olSl'ofi qt RT. 3TR - 

3TTR?Rqqq afr r^t rtr^ wt gaif ^r^rsr rr ?t rt RTCfRt *t *pt ct^if) 3 r f ? 

RtRTT # RfcT fR RTTR % fM RfTR RTR 8ft 3ftr ?R fM 3W 3MR)J| ^FTT RT. 

f^-^T-^j-sjcftii f^Rur (fcfqqft-^R^fftqr ^fttrsiR) <£r 3TTR?Rqqq sfr 3ft qqq?T # Rfct qt r^\ 

# ^RcfcR aft arRtqr r^t ^ft rt%£ r?rt rf gaif R^nq qr c^rt^r to r^T 

3TT3RT. afk ^RcfcR fcRfr RTR 3ft Rft ffcft RT%# fa R^ RTRRUSoT RTt "EfRcR ^T3TT ?TRTf 3T^T3T 

O o 

rrt 3ft r qfR qfa - fata ^r arafa cjffar, rtcr, rt RR tsqtfr fft. 

O *3 

fR RRR % feRr R^T qpft R# Rl^sbl^cl - fR#T ^RcfcR R 3RRfT Rft R 3RTRT TJf£t. 

3TR tRTffaff qft Oqil 3Hiq cTSRT RT fa’ ^ RT^RtaR ^t RcRT 3foT qfa oft $31^ o 1 $M qt 
3RRTRR RRRT 3TRt. 33ft RjT 3ft RNRT RT fa q<RT aft 3TTRR RNR 3TRt £ faRRT RRR RRRT 
5 ? - 3Tt fa TRT fffau^ qq RfTR tSfa RT 3TR $[ fflRT. RRR <£t dW«blfl qt <j?t fcRTTR # ^ft qq 
RRT RRTRT RT RRkTT £. 




c^racfl^ vS # 'd <H &-i^><r| |^ cH d 1 <ISK 



Rg - ?*3S *f RR |3TT. ?W® 3flfcft #T £RTf 
dtflofi % 3R?t % 3R?t faR RT ?RRT RR3T #T 
feta rr qJr. ^qt ftfar qq rst qr^r rrt. ^ichTi^ 3nWr % qrR r^r rt^ - ^rt^ oi^ioi ?t, q^R 

fttR #T qTR RgR RT foTRTT ^ RRT RRRT RTRT RT f^T 3nWt #T R^T3T RTR 3TT ^T f 3ftT R^t 
^". 3TR RRR f^?R-R^T *Pl RT^, c^Rt" f^?R-RST 3ft oTafoft 4^1 ^ ^ . 



? < ^ 3 t 5 rrt f^R tRTf^qr rr£ ar^fer 
RT 2 RR-RTC (Robert Alexander Watson-Watt, 
?<:^?-?^l 93 ) ^ Tjqr RR RRT 3 TRT. 3 RRR RR 

taf^r # R?qt % rrtr arf^-RS-R tfM'-^R qq 
RRtR % qqRR R 5 TT (RADAR - Radio 
Detection and Ranging) qr^RTRT. 



Rf^cftR f^R-Rg - #r RT^, R 5 R 3 ftr RT^qft^R- qq l^fR qf^R % qRRt *f 3 RRtR fft^T RRT. R 5 R 
RRTR qfetR RfrT ^flRT qq 3 RRR RR^T RTc^ fT^RTT qft qqT? RRqft ft. R 5 R RRRT TORfft f^RTRT 
qq 351 R #T RRR 3 TRT-qRT RRT RR^ f . ^TRRT ^T f^RTRt #T 3 T-qfr ^T 31 ^ 3 ftT 3 rR 3 f qq 

RRR f^lflRR f^TRT RT RRTRT ^ 3 ftT f^RTRt RTT TJRT-cJRt TT 3 RRT^ Tr TtRq RT RRTRT 
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HRt # §fr <Hl^l<^c| cR RR RRT. RTRT RRRt % fM RT # 3TRT # Rt RT Roic^l 

# rr^t $dd<Hid f^rr rtrt ft. ?r Rfictf £ 3RRft}R7 rtrt jt fw-% f^Rur 4 rt 

^ 3fhr ^fT cRF ^fT RRR ^T RRT foRT RT TFT f? 3R# cTFT M$*ldl (?. 

o O 

SSR-fe f^RR RRt # R^tR 3 TRI cR r£T H^dl -- RT^fr RR^T cW RtRT 

o o 

RT^tr rrit # R^f 3 tcr qf^Rfr £ aflr ?r r^ ^ Rtf tftfr f. 

wg RI$shl<H Qd<£l ^RtfRT ftfrtfR tf R|t f , RRltff tf 3TRT cW RR RRtft f . ?R cRF tf 
3TRT tld 3R d 5 ! RRR -l4 ^cHIcTl — tdl'-b dd$ H-t df?) . s|$cl dA t-J ^Tl tf 3TR <HI$sb)<^c| RRRT 

O O 

RTRT Rctft tf WIT Rltf RRT tf R^f RR fc, RTRTC tf RTfstftfR tf Rtf 3Rtf RTRT RT3TR 
RTRT §fT ttfRtf RRT fttftf tftRr Rtf 3Rt 3ftf RT3TT! 



R^tfTRftf?R-^%RTR, R^^RtfRtfRTltfR^TTtfttf 3tfftfRTRTtf RRT. ISRTtRR^citTRT, tftf TT^R 
#dl^l<^c| tedld tf dcbd<M dNd 3TTRRrtff tf tf ic^lftsl (tflfer'ld:?^, meteorites) 3" tft RRRTRR 
RTRTT 3TT RRtft t ■ RTRTRR tffr RT ?R 3RFrftftf (tfrftfatfTT^RR) tft RR tf ft tfR RRTtf £ RR tf R?RT RR 
RtfRtfrtfrtftf £ 3lkc||q<HU^d tf RRT tfT £ttf £. TTR tf e^tf tf Rtf d itf ftftslc} £. ftfRtf3T°-R dltf #T 

RRT tf 3fr 3TR3R £t RTtf £ . TT3TT RRTTT 3RRrftftf (tfrftfatfTT^RTT) RTT RRT ?tf TTR 3^T ftfR RtRT ^ RR 



y. tt^ - 3ik «Hi$sh'i^cj 

c 



RRRTTfT. 




!TR 3 ^ 3 #c^#^ffRt^rRRTRRTRR^rt. 




RT 3fT R^R-^fR^ ^R RRT 3lk 3RfT 3RRTRR RTRR 



RRR-sftR do-^JHI #T SttT^RTRRT 3 ttT 3 TRT 



2RRTRR RTRR 3TTRT. RtJ Rsff RTR, RlR-^fR ?T?F 

o o 



(^fRR Venus), Rif (R^tt Mercury), RRR (RR^T 



Mars), 3l)T ^d^fcl (d^<R Jupiter) R^tRT^ 



STIRRH’lr. 

O V 




^RRR yq)j|l RTR^R R^cd ft foTRRT RRR R5R-sftR ^fr RT^T 3ttl R^f 3RRTRR RTRR 3TT^T # RRRT ^ 

O ^ 



3TR5TRT. 
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t5>lci ^ftftt'Enft cKHi cH^llcll f? eft 3|^ iftft *TF vxc| K-3TT3T-FTT (ci$s tide) 3iF ftcTT 

fr.^R-§rra'dciKi adHo-d u^i^chfui -H ctftFnftrft. wft: srf 
3T^ % "^Tlft dFWi -tjctch-t cH d llc^ Fldd tftft 3]^ ^icicH tJ^T cKt> l^<Fdl (ft 37^ ^T 3ffF 
Ff>cTT ft. fFftftft 3TsT -cJo-^JHI <T£ftt ^T dc|-<M ddldl ft cTt 3FFFT WT ftt ftfRT xpftt # 3TtT F^cTT 

ft 

•ta d l)cH?lllF-34l (0'(-c)<riT<H'^ astronomers) cT^ ^ FTftWT 2TT fftr ora - (Mercury) 3Tg'3T^'3ir 
dchM cH J lldl ft eft Jd«H t^FTF^^fttftlTFrFlft#reTF^FFcTTft ftt 3^eT ^Tft ftfaTT 3ftF c£FTft eTW 
fftF^Fftftftftftft, ^d’35T. ^TT ffTT ffttg - *FF FT^Fft ft dlFdcl ft ftFTT ftt ft? fTT cTFeT 
dJ-s|cfti| (^+d)-^j|^^ch ^tT?RT) Qlchlddl ft. cPF^ r^d<^l 3jft ffaft, 3FTft 

^r ftcRftrar 3?i3fr ftr *ft£t ^3fr. cTFeT 3ft atF^rf^ftF j \£ ft^rr ?rafr 3Ftft Ft 

cjft ^7T ^ FT%ft. cTFepft FT toft f^FW # ftcrftjtr sfftt fttftr ft ftftft 

fW <HI$ 9 h 1 c|c( c£r FTFF ftF3 dftt ^Tft. 

? < ^?fttsHl'lcH?llR^3i (ClFildT-H^ft^ar^r (Jfftft Mercury) # ftftftFTeTF ft f^l 0 ^ <H I ^9hl <=i1 333eTT 

dJimi.^dl^9h1^1#^^^f?13frt^2fr3ttT^?FT3fr3t1^3TnT^3TtFT^2fj-%^r1^-|3TT% 
3^3T^333F£ftcildl fftFdl faddl ftldl 2TT3FTFr*£j cnUlctl 3|j} ft. ^FTddcHsI ft 3T?T ftr $d f^FF) 
3ftFjft ^7§fT5T^73fT d|<^ ch<dl ffT^TT. 

(i)fd1dm^)^<Hl^sb1^d-^^r^3T^(JT^fr Mercury) ^r3ftF^r3ttF<i4 1 Flch< dNd 
atl'tfl JHI^shl^cl SFF3Tt-3rq^Tfc2TT. 3tJK 44 ^ 3T3ftT Sjft 3F H <£l ft ftt ^NFf 3Tlft d I c¥l <Hl^shl<^c| ft^t* 
cTt slddld 3JIHI slddld sftrZTTFTftzf?' Hdl oHIWI FTT FT^FFTT ft ^j5 ^JF df?l ft3T3ftrtrft3F 

tUH Ff?T ft. 

fFT3Ttzra5T^I'^FdW«lil^ TUcJl 3^r 3rqftT Sjft 3F dd fcd'ft Ijch dcHM dJ|ldl|t3ttF^'frf^Tt 
#^Fr4^r3fnjchTj+chF mfi «Hdi t. ^d«+>i ^dd^^3TTf^^3T^^rtj^^rf|^ T1 -^n'Fr4#rFTW 

<N *N j O C 

TpU. 

?^£ 1 ‘a#3dlPldil?r<Hl^sb1^c| ^gTFT^^torPlc^idl ^T^3T^ dlfdcl # 3R^t ?J^T ’TF ?/Ff^T#tJ^T 
^ld-ch< MFI ^FHT^ -- trfT f^T FT^T % "EITFf HF L b ^|cH+>F dJ|l<^ ^T 3 J^T ^r =hKU| FT^^^TetF 
f|rF^ ^ ^ ^ ^ Frf' ^r?r qf3ir. 

?T^3J^ Venus) alk 3ft ^^r^^rFTFRT#^r3ttF!OTTt?T3f^T3fr. ^FT^TFW 

o c o c o 

^?TTl^ ^FT#r 3 ^ ^ 3T^r^, 3^ ^ ft 3T^: ft ^F qrft. 
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? Vfc # ?T?F Venus) JTRTT # JTTfsFt^cT fitcft fa 37TFT om fa ?TsF *RRRT 

o c o c o 

5?cT^^. ^rar^TF^T^Trcllil^u^H ^3frr^-7TfqTRHch(H 5#. 3T5F ^ <7T ^ ffr 

j o c o o c o o c 

atti a^fa sfar aTar ^tctit s^fr. 

?<^ 3W$Vcf»l awfmw^d (Mariner-2) W^3pRT3fk fa«hcfl JTTfsFfai! 

^tstnt. ara'^tf ^Rsr^rsT^r. ji<^ 2fr--$d«fl Jitf fafaraiftwaftfarar 

otrt. 

3 T^’ y<r| <s) Ic\cn1 ^ ^•7llPl c hl 3l<Tl<HI<r| ^TT fa ^fT 

^qr^FcT^cr-ci^ aftr^^o^hi ^tt^^tt. lko-h 

C j o 

<HI$sfr1cMl %3a^T^£WoPm'fa^3TF^% 

fc^M ^TcTF^^T^t- *jfa 

?J^3T^qT^eT f oHI$ dto^ £ fa 

*sPfaRIK-sfi $d<£l ^1’isl tt^\ Mli). ^TrT|r?Tf^a^#r 

^TTW, fa?fr ffa=^ ^^TTftcT 5TfSt fa^TT 3TT fa*Rt 3Tj? 

% ew^t ^r 3T^r 3 ft qnr omm arr *fa. 

<\ 

^nJcldlPfa ^ 3TTETT fa ^cfT attT 3T3ToT 3T^ rR^" ?T^T 

o c c> v o 

^afny-spjttfij^FTjcf-cM cHJiidi&^s^tftarfaf^r 
^ ^ ^faTcRRrf-Jddl fr^TTRrfo1<H<HI ^r^^^ETRt 

artr ortt^" ^ prrtt I?. ^ =hkui ^cpi u^rfr^dtf 4 r 5 #r 

aftr^frt 

c{l<Hl die} JMd 'Hl^d |f. <HI$sbl<^c| %3T?RRW^r M<HI <Hd|l ^pT 3T^fT «Tf“T ^TT 3 fatf# 

rtott fr aftr ^ arror «« #. fan^r ?rr faRrr ^atr-^-^rafr ^ ^r artr ^rtt fr. trft aftr 

sTTF^FTWaRTT. ?T^3T^qt^qi^RT#3lk^^|!'3TA3R : ^^§fr3T^q1^RT^rqt#r3ftT. 

O C f\ f\ C C\ 

<HI$sb1c)c| £^3T^#r^#attT3fr^W ^ToTT. ?<Us<: $ 3RT?far awmjRT Tf^: qRRfRR 
?RF 3T? Hl-M H$tl <*>-( tJI-0 rK^t* cH J|l<r) <H<MI. 

qRRfRTT $ <Hl^sb1^c|-^RT ^T ?^T 3^T # 3TtT ^T 3lt 3^r 

#r ^ tt to qRRfrm strit. to an^fr 

<Hl^sb1<^c| #T 3T?RRW TT ?raT ^ i£r # dlHcblfl 

f^r^r. ?rar 3^- ^r w afrHR tt 3^fr ^ aftr ^T 

afl'Mrl ^ °i) tfl , fxjl'tld-l ?l|i|cH 3J^ >j1<r<H 'M«H i l H l<^l 3RT 



•Ml^shl^a k* cTl<r| I ol «*n ■h 1«I|4<H <TlcTl 
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Rt f^Rfr *f eft 3f^3t £ aft 3 r?fr q^ret <£r RtfeRf f . *ft rrktt ^ ^aft RRTRT-wfr 

^Mt oft 3TR ?TTcT (ft R«£l (?. 

<». ptrt 3rh 3ttr Jnfgjttg 1 

^i^sbl^ci fWTt rrt ^M-<hu^<m % 3Tc*rraT aft r^rt ^rtf Rt BgRcfl f . qnr 3wro rrt. 

rRt ^rb^-rr ttrt ^t qfRr rt VrlRt-^R % 3=m^RT ?r rt# 3R?t f . wg ?RT-3tR % ;prRft 
SRRT idMo-<H tf%Rt-3# £ R2.R.3, (ter) $51 ffcft t t^RRt 3TTRToT ^TTTF ?RTTf Rft fceft. 

tor-icfl4)1tH chJ-M<rf| Rf oTRRTT RT^ft ^ft 3TTRn3 # R^T *£^37 (f^T) ^f ^T 3TT RfR ft 
f^RTRt 3Rt tor off ?T%. ?<^3? *f R(T 37RT 3Rtft#T f^ffl^R cRcfr 3Rt Jf°RH<£l (Karl Guthe 
Jansky, ? < *° t 5-? < ^°) 3ft f^RTT RRT. 3^Rr£T ?t R3T R3 SRTTRT 3ft tf^Rt4R fctflR 3R ?T3RTT ft. 

>Vu<Pl 3ft ZTRRT RT fa tf^Rt4R cRlt % dRTRT, 3 ^R 33 ^ jUT f^TRft, 

RRT ?f R& f%3Rfr % R3t 3fffc ^ 3ft PlchcHcfl f. 3dlQH f^cf3 

stRrr^t ^r §t. 3^Rfar 3R ^ff?ft 33 rrt hjimi 3p rt foRfa rt^ 
# 3T3ft fatft 3 ft 3TRT33fr *Jt. 3^RRfr $ ^3T % RRT fR^t-^t <{-2.^3, 
HJIIdK fatft 3RRT ^RtcT ?t 3TT T$[ 3^ RfacT (T33 3TR 3Rt R?3 3RTT 

O 

fa R£- Rt 33TT 3TRRTRT Tt |t. RTTdR *f R? - dt ^ £ 3TR^t |t! 

3TR ^ ftfiW ^RcfrR % fttRR-RT^RT fafalRT ($<f)3-dl-<fl d^fab 

'tfaTSRI') ifa ^T3RTT |t dt R(T ^faft-^R 3fa R^f? 

<lo1 3RF^" % ^-3trT 33 ’ftOT t^RTT. 3^" oRT^" pRTT -b 4 R^t pRTT 

^3RT ^^taftRtlt. fRTt3T3Rt pRTT ^3fR # ^ft 3^tt 3TT T^t |t. ^H33 <Hddd |t R^T 

^RRT #T RTeR f^RTRt 3t |t. ^RT^T 3ft oRTT, R3 ^3fR ?o-RTR 3^ 

3Rftt# ^RRRTTTfr etRft SlBRfr (Harlow Shapley, ?<:<: c a-?^l9R) #r sRTRfr 3TT33?r-RRT (^3Rft) 
#T #R^ 3 - 3TT |t. ^H33 -Hddd ^ ^Rt-^R 3RRt-^3Rt RidKl #T RR|T #T £, t^RT^ 
fRTRT ^ §ft STTt^RT |t, 3TT ^|t f . 

f^RTRT ?^3? 3t JfoRI'ffl ?t 3RRft #T RT^ # fotRRT - ^Rt-^R 3TT33?r-RRT (^3Rft) % #RR 

^■, oft R2-"^t ^t 30,000 3Rir?r-R^r stt T^t f?. 
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'Zjttt % HR (office, % 

% 4c;i«ri ^TT H^on 



(c^41«H) ^TT. 



?R ^5T £ RR*fr 'id cH<M o?l 3TR R^t. o-^Rl^ dl$J-R 3RRRR 
^ pr <H-isJM^d> rt *5trt. 

RRcT ^RlPl*! ?T pT 
RT 3-1 1 4 chu> chm <rif?) 
f^rr. RfR ai-AR^i % 

RRT tftRt-?Ttc£[R 3jtt 
flRT (Grote Reber, 

?<t??R°<R) $ rrt 
rrRt tor. 3^r ? '5,3 b ^ ^ 

# RR7 R|t RTcfr-^TTT f^Fcfer c^ldR, ffpjRTRTT 
(Wheaton, Illinois) # 3RRT RT % ^ % j^rtr *f RRTRT. 
3TT^r?r £ 3TFfr RtIrR^r pRr rrrtrr rt f^RR 

fl^RTR RRT oTT RpfT. fR RTfT RpTT RnRlt ^foRR^R 




?«,3d # flRT ?T tftRf-^cT % 3RR TRtRf Rif % fM 3TTRR?r RR af^'RRR ?Ri f^TT. 3TT^ 

3TT^r?r rr "tftRt-RRRTr §ft rrtrt af)r 3Tf ?<w? # RRRflTR f^rr. rf sw^tt r^r rrrt rt, rt 

O *3 

3R m rtt rtrt fisR- sf f^^rr ftRft artr ^riPi* ?r R^f tor sir. 



RfERf ^T RTR R?T | fer, Rt^f % cURRUcjR R?R RRT RTF % f^RR 

($4+dV<fl Jpf<iR> 'tftRSTR) RR RR RRRf t ■ ^TTtJRUT RRRR RR RRiRT 3TRCT-cHR4d 3ffT 3TT£r 

3fT RRT ^RT^R RTcfr f^Rut RR R^t RR RTRRft. 3ttT R £f pR-fe RT 3TRf RR# ^RcfctT RT# 
tf%Rt4R. #HT RRRT |f #Tf RTURUT RRiRT #T RRT Rsl^«f?| RTRRU1R # |T f^RT# pT Rjf^T Rif 
RRRf f ! 



urt attr fr - Ripfr^R #t. $ rtrrtjfr rr rr r£# rt arr rrt# t ■ 3TRT xR# 
^Rc^R- # ^%Rt-^R RR^r ^T 3RT RT# Rt 3TRRRR5R (aTRRfr-RfitaR, ionosphere) £ 3RRTRR 
araftsT # rrt ?fr chi4jH. pfr f^nr RTprrM rr ^Irt # rrir R|t tor rrt. 

pfr rrf aRR oRsfr ^r^t # ^Irt-^r arRftar ^r Rt-^r # afR r^ rt t 3 ttrrrt3ir 
( 3TTRRr-F^r3R, ionosphere) 3RRTRR RTRR RtdT o1l4 d D afR Rtcfr RT T^ RRt RRT R^t R^R 
Rr4#. RT^RT, RTpFt^R, 3TRRRR5R (3TTRRt-T^r3R) R^t RR RRcfr ^ PT RRT RfR RRfr f . 
Jlo-Rcpl 3fR frar f^TR f^Ruff R^r ^flRt-4R RRp ?f, RRRR # t RTpff^R 4t. 
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3TTRR9T # 3TTFf?t <HI$sb1<^ # Ff*T RRt Rft *ft? ?FTRR RRFR ^TT - «Kj1R> «HI:?sh)<}c| 
RR VflRt Ft Rft fe^TT 3TT FTRRR ^TT, ^bIoITT Rl$sh)3cfi Rft fei+d cFR?r 3ffT 3R% 

3TS-RRR % fFtt T RRt RR I^rW Rft tor RRT. ?^3° % ^?TRT Ft RR FT5TF RR f^RRFT efeTT, RR 

o 

0+1 r'rI Rft atr sidlRI <* l -i| l . cj+A fffeR-'i+S % slid oi <s| <(ISK k ,c h <M''d RR R <$l, ^ •7llPl c h 3R 
rrt rr rr)r rtf Ffer. ?vjo jf *feRt £fptFRffe strt^ r£ affr Vfeqt ^hiIch^^w (Radio 
Astronomy) r^tr <n^ca rr ffferR ft rrt. 

Vfeqt 2.ra+ch)M tasfr cRRt % fM £ r^Hcpl 3 r3fr rrrr <£r FfeFt ft ctft-rt?r rrt rw 

£, tffRT 2.ra+ch)M Rft 3ft cJFT-RRR RRT 3RTdR RtfT fft^TT <feRT f3TFTFT ?R FfeFt RR 3T^RRR 
feTRT 3TT FT%. 

?ft ftftfrt Rft rr rr r?|cjr £ - ft *£fe VfeRt ffciFRffet Rft, 3ft rr ^ ft Fftcff ^f 

ft, fFT RFF RR ^FT^ Ft offer 3TT FTRTRT £ fei cf J-Tlcnl Rtf fffRt ffplFRlH ^t RFfT cZTRf^F Rf. 
fFT RFfT VfeRT % FTFT^ SRTFT FTTRTFR tfcTFRffe # 3RTSR Rft 3RTdR W &RT 3TT 

FTRTRT £. 

ffeRt ffaFRfe Ft c|*1lfa«h1 Rt 3R RTcft FTRT 3ft FTTRTFR ff^FRTfe Ft FTF3RT R RT. 

ft FTRRT £ ^F # 3TTRRR-RRT FTTtTTFR ffoTFRTfe Ft 3TTR R3TF 3TRt. 3RR 3Ft ffeRt ^F^fe Ft 
f^RT 3TTR FTt ?ft FTRTRT £ ^ #R£ Ft R?R FTTtt <Hfeshl<^c| t^RRFtt tf«ldl41 f. RT faF fe^ft 
f^FR-fld c^RT Rl^shl^cl Ffet ^f3Rt ^ToTT ^ Ft Pl+d ^R ^R-3?JF %FTRT f^". 

^Ft FTfe" # 3TT^Rr-RRT ^t FT%R 3TT^Rr-RRT ^t t ■ Wl^ft ^folF+lM Ft RRT RRT fer FTTtJRUT 
3TRFRr-?RTT 3ft ^T^T FT%R |t. 

fRTTft 3TRFft 3TT^Rr-RRT #T #, ^3FT^t ^ STRFft ft 33t3T Ft RcTT FRTRIT. 

3TR e^ FTTRFT f fer fRTTft aTT^T^r-FRlT % #T ijfe Ft F^TTR Ft ^F FTTft <Hfesb1<^c| PlchoteTl f . 

FttERT f feT pTTfT 3TT^Rr-FRTT % RF ?RRT-%?1 (^RT-ftR) f . (RlM - 
3Tfe3TRT TjtFtFTfe # RFRRT, s^RT-ftcF RR RRT FRTT?"). ?TRRT eR 3TTRF?r-FRTT #T 

RF ®^r-ftR f . ^ ^FTRtT 3taH<HI<H RT3ft R ftRT 3FR <Hfeshl<^c| # ^f3T R ft^t. 

o-illdlcR f^TRfe eRTFt ?RFtt ^F f feT ^ 3RFt 3RRRR RfeRTtM RR RRT ft Rft RRRT. ^ Rt 
FT^T Ft t^RR^T RfesFtM RR ft RRT RRRT f RRtfeT ^ fRTfe RFfftRT f . feR §tt RRJ tFtRfe 
£ foTRFt t^RR^T RfeRTfeR RR ^ RRT FRR 3TTRT £. ^feRt-RtdKI (^feRt-FdR Radio Star) 
Rfec^ £. ^ f^t^TR FRT fer ^FTTtFfRTT ^ ^RRR 3TTF-?ltF ^ 3T^RRR feRTT. 3 f£ RRT fer ^ 
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tostrto 5=r^t £. fRfpTO 3TOt (quasi-star §ttrt # terror ar^ fr 

“f?lrlK'1-'jl , ai”) °h^l TOTT aftr 3TcT ^T 3 o-£ TO^oTR (quasar) % did ^ vjIIoII TOTT. 

+^chk! £ R<+,d tort to tort ^ aTTOror faro jfjt. aror Pichhi d^+dd 
tot 3ttott 2tt. 3TcT ^ ?^3 # 3TO3T^fc£r ^diPl* RT^frr (Maarteen 

Schmidt tort ?w) ^ dd$ri£. R^kdd 3TTTOT ?r fM §tt f^RT 

to to arTOTOT ?it^ ftot ?Rfr ^ §tot tot to. fax 

TOTT TOTT TOfT +^cHK TO^t £ TOcT T^T XT §TOT f . 

3^iPichl to #tott to rt to r^d<^i cWr xr TO3t xT §trt x|t ^fr 
TO <ro3t £ 3?rofr ft ^r ftefr. tot: ^tror 'Rdt xr tor ^ ffi. xrror toxt 

TORT ^ctoTR FRXT RT-RTR TOTTRT-ctf cJ>C {?; TOJ eft ?b°-RTR TOFRT-ctf ^T fl 
RTOTT |T cf-^cHK TOR df^»M aTTTORT-RRT |T. ^fpTTOFtR XT #TcTR 3R% ^ £r &RT TO XTTOTT £ 

O 

Rt fTOTR £ 3RRT ft 3TTTORT-TOTT TO TO^tf f^FXTT TOM TfRTT | 3flT #TTO RTdUl TO «TtTRT-XTT 
^H U S o)dl icidldl ft TOR ch^olK dl$5frl<^<T R §-lolcl flrl eft ^ •7llPl c h1 TOf $dd-l chl^ xR) R pIcTl . 

^XTT ^7 3T^ ?T3T TORXt f XTTOFT ^T % ^tTOT ?l9°-RTOT TOFRT-TOt ^X ft TOTt% TOT XT fRT RTO 
TOFRT TO^ XT ^RRT TORT RRRT ft ^HTO TOT TOT | fer ^RTO 3tfPdcd df^d # XTOTT % TOd # 
■(^1 p) J 1 1 . 3RR TOT $°1 c t _ 3o1K ^T si i^ ^ 3rf^l c h TO^TTO^t RT rft f^dRt ‘fl 3TRTRT-^RTT, 

f^rror di^c §rtt h^i {?, dH aftr toto % 31 } ^T tott tot tttott 

toj ^M'-t^rrot tottott^t t affr ^rsfr tt ?rr|r-2Tr|r £r to TO^rr^q- Ittot f. 

fl^T % TO TOfTR?TTtr XTOf^t ft^ST (Antony Hewish, TOTO ?^?«) ^ 
^T RldKl #T TOTTOTT^ - ^TRfr ^RfT Tt STTfr-sM TO <Hl^shl<^c| 
^5TO^ TO TOTT TOTOt #T feTO TO tf^TT ^to)M TOTRTT. 3TOT 3-TOf 
TOtRT # ?o«<: 3TTOT-3TTOT T*TT TO TOTT^ RT 3TT^ TO?T TO^TtM TO TOTT 
TOTT TOfr. 

TOTTf ?^s;i9 ?r f|Tq^?T % TO f^RTRff dTdf^d tR (Jocelyn Bell) ^ ^T5fr 
^ TOrofr ^ di^shi^c) a^oT^ to?t tort ^tt iitor ^tItT ^tt 

O 

3TOT RRIT §TT 3TOT 3Tf^TTO RTTOT §fT 3ffT TOTOTR ^ §fr. 




ijo-d-rfl f|rqpr 




?TT€k RrfJR’ 
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f^af a $ ?a aaaart cjft jnr Rtait (mh^Rji-^tt ar qaan 
Pulsating Star or Pulsar) q^r. # ama - ata^ (Thomas Gold, 
?<^o- ^oo«) ^ I^TJoT RdKII % ?TTa^ ajT ^t£t 3ffT ysfr aaa 

3a^t 3 tt o-^1<h tcttt ^t. a^ tjt^r tfr gag f^taqa aara wt sr# 
IrtaTt % atTar wg ^aTa #ara aaaa <:-3fra! taTl^taf ar ara a^ 

aftai ff afT ^^dch)u| ft. 




x tprtr a^a 3^ft tt aapfr atr ar aart f -- au £r ^ aaaa aafr-aafr at tt^u? 

% d-Mcl 3TRT Tt §ft aH *f. pJ <a«H^ H$o) tRt HcH-MK at aai aaT (? oft tia ^ Kt^s % ? ooo 

?t §fr aa ana *f k'<+) tjci-ch< aaTc^ ft. ?a sraTyraa h<h<uk awt ar fwf aafr aar ftt a aaar 

3RTT f>«H 3a% SfaRT cTld d lfcl ^t 3-1 ofl d l^ aT^at^aT ar Hell a pHII Hie). 



aa ?^° Tt ^aifaal at aar af*t ar aaa ?trrt ?h°-?°° rrra aqf pa eftar. ?na^ 

c o 

k Jc b ^ HcJjSj - ^ ?T^\ ^T^tT k Jc h ^cT £T3 -IT^t (ft d I ft d I ) ^ ^sjr<H ^3TT $l d ll I 

o o o 

ar§fr §tt %a T|t £ aftr ?a aa^ tt saara-aar# aa ^at tt *a ^t ft . 

jrtt aaaa $aT p ?^«<: ?f atfr-3t^ftaa tari^fa ataa atat (George Gamow ?^°y-?<^<:) 
?t a^r atar ^ yaRT (f^a-ta) pa fftar at aa^Rr # aa aw aT^t^a #r a^aai^r 

(^cHJjiauc;) f^rarstr aT%#. 

?^£v« ?t a^ta-awttoa ^aiQct. aaaf ^aa 
^tana (Arno Allen Penzias, otaa ?^33) 3ftr 
awttoa ^aiQct. aat asrt f^aaa (Roberet 
Woodrow Wilson, aaa ?^3<:) ^ aaaa # 
ai$shl<^ci ^t a^airfTt (3«ti<yiius) ^ft aar. aj? ^a 
yia an - aaat aaia - |r aaiar (f^a-ta) 
diadci ^t fraa. 



atar at^tM aar a aaar at ?aTt aa - 3# aa^r (f^a-ta) ^ftf awor ^aiur a fftar. 




<i«ii 
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at atfa-f^aa araat 3TT^FCT^T (Albert Einstein, ?m- 

?<w) at aaiar aftra-rf ana atctraaa sttr fctft # 

RfR tt eaRT aTa at afT aTctl+ad 3TOfr aat cFT ai §TRT f^R^T 

#r aa at PicbicH tar. antict-aa tr Pi<*>oI f^an # ara attr fcm 

C\ 

aatt #t itelt f^ta^t at aTcticHtd £ eaRafr ^fr. ^ a^rr at aftr 

-hTc^i+^chI tt §fr aaRi aanfr f aftr fa anr arc, ana, attr atw a^t 

pl^ri. h^chI a^rr k ,c h #r art) ch$} 4ar ch^H. h$<h) a^r, k ,c h 

<^cioid §r antr aftr nar #t at aant cuchi, #t artt a^t 4ar ar aanfr 

#. ftt aafea (coherent) t^an arfT aar. 




?^33 at atafr^r taTt^tar anat ?t# dia^a (Charles 
Hard Townes, ? < ^?q- : ?°? c 3) at aar ttar aa aaiar at 
at# tr aTf^t^a f%t#Rar tr 3^t arfi % #r ait 
ai^shl^d t^aa aR a#r. ci3<ta at ?tr star 
(ai^shl^cj ar Rwk f^an % 3?^ta aaa^a 
coki. MASER = Microwave Amplification by 
Stimulated Emission of Radiation) q^T. 



at ans ai^shl<^ci #r ara tor ar aaar # a?r attr 3fr 
aar #r EEMUI #r ara a^aa #tar aT%a -- 3tt f#r araiaa aarra % ara. a#t atart ^ 

o 

arattt# 3<niPia> fstaMr #aaa ataa (Theodore Harold Maiman, ?<^b-3ooi9) ;t aar $ar aa 
aarraT at araian" ya>i?r a# #r art aarra tyrant ^t asra a#>. $ti ctar a>$i (aana aa 
f^aaR f^RTR #r 3rrrfata 3Ta^a aata. LASER = Light Amplification by Stimulated 




f*r3MT ta?5 

7 




dlJo}^ 



Emission of Radiation). 

^TT^RW Wf 




3 ^ 71 1 Pi chi % P)^ jIvjh 3flr ^or gt^cT 

o 

3^Wr FT. 3TW (W % fM c^3R 

o 

aaia 3^ ^ #r a^tia % ttaat (^t#r) 
3ttr aa^a^r fM ffer aar^ a^r. 

t\ 

3ttr a^r aa ?Ta ^ 3 tt aa - aa^a ^ qaa?r 

o o ^ 

# ftvtuil a# ftaa tt aa^ t^arl 



aaFa===== 
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